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I. STATEMENT OF RESEARCH ACCOMPLISHED 

Th i s  program of research * i n v o l v e s  i n t e r p r e t a t i o n  of p h y s i o l o g i c a l  
r e s p o n s e s  i n  f ree-roaming animals  w i t h  t h e  use  of t e l e m e t r y  
t e c h n i q u e s .  
d e a l t  w i t h  t h e  development of r a d i o  t r a n s m i s s i o n  t e c h n i q u e s  of 
s u f f i c i e n t  r ange  t o  allow t h e  s t u d y  of p h y s i o l o g i c a l  r e s p o n s e s  a t  
such  a d i s t a n c e  t h a t  t h e  i n v e s t i g a t o r  does n o t  n o t i c e a b l y  modify 
t h e  b e h a v i o r  o f  a n  an imal  under s t u d y .  
s p e c i f i c a l l y ,  w i t h  t h e  i n v e s t i g a t i o n  of c h a r a c t e r i s t i c  t empera tu re  
f l u c t u a t i o n s  w i t h  t h e  i n t e n t  of c o r r e l a t i n g  t h e s e  f l u c t u a t i o n s  
w i t h  t h e  onset of novel  s t i m u l i  and t h e  subsequen t  unde r s t and ing  
of b e h a v i o r  which may r e s u l t  from t h e s e  s t i m u l i .  We are p a r t i c -  
u l a r l y  i n t e r e s t e d  i n  t empera tu re  f l u c t u a t i o n s  on t h e  o r d e r  o f  . O l 0 C  
d i f f e r e n c e s  which occur  w i t h  tcme c o n s t a n t s  o f  approx ima te ly  
20 seconds .  I t  i s  known from t h e  work of Russ ian  p h y s i o l o g i s t s  
t h a t  nove l  s t i m u l i  can be  d e s c r i b e d  i n  terms o f  an  " o r i e n t a t i o n  
reaction." These are observed bv (a) a n  i n c r e a s e  i n  t h e  s e n s i -  
t i v i t y  of t h e  s e n s e  o rgans ,  (b )  p o s t u r a l  changes,  (c )  e l e c t r o -  
encepha lograph ic  changes toward fas ter  and lower ampl i tude  a c t i v i t y ,  
( d )  local v a s o c o n s t r i c t i o n  and v a s o d i l a t i o n  a t  t h e  bodv s u r f a c e s ,  
( e )  ga lvan ic  s k i n  r e a c t i o n s ,  and (f) changes i n  r e s p i r a t i o n  and 
h e a r t  r a t e .  

P r o g r e s s  from t h e  i n i t i a t i o n  on 1 October 1966 has 

We have been concerned ,  

We have  been s u c c e s s f u l  i n  t h e  development o f  r a d i o  equipment t o  
accompl ish  t r a n s m i s s i o n  of  t h e  d e s i r e d  d a t a .  During t h e  month of 
J u n e  1 9 6 7  t h i s  equipment w a s  a p p l i e d  t o  t h e  s t u d y  o f  f ree- roaming 
a n i m a l s  i n  t h e  S e r e n g e t i  Na t iona l  Park ,  Tanzania ,  East Africa. 
The d e v i c e s  were a p p l i e d  t o  both t h e  'African l i o n ,  a major Dredator  
i n  t h e  S e r e n g e t i ,  and t o  a wi ld  zeb ra  i n  t h e  Ngorongoro Crater. 
The work on l i o n  p r e d a t i o n  i s  under  i n v e s t i g a t i o n  by D r .  George 
S c h a l l e r  who a s s i s t e d  i n  t h e  i n t e r p r e t a t i o n  of resul ts  o b t a i n e d .  
Work w i t h  zeb ra  was done i n  c o l l a b o r a t i o n  w i t h  D r .  W i l l i a m  
Hamil ton,  111. 
e x p e r i e n c e s  i n  t e l e m e t r y  of body t empera tu re  from unse the red  w i l d  
an ima l s  i n  t h e i r  n a t u r a l  h a b i t a t :  

The fo l lowing  i s  a summary of t h e s e  i n i t i a l  

* Supported i n  p a r t  by Con t rac t  NONR-4315(00) and  Grant  AFOSR 
1 1 7 5 - 6 6 .  
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1, On June 9 an  a d u l t  male l i o n  w a s  immobilized and a 
one-ounce t r a c k i n g  t r a n s m i t t e r  was a f f i x e d  t o  t h e  neck 
w i t h  a l o o s e  c o l l a r ,  The t r a n s m i t t e r  ope ra t ed  a t  1 4 8 . 5  m c  
and provided a p r a c t i c a l  range of t h r e e  t o  twenty miles  
under f i e l d  c o n d i t i o n s ,  The animal  was fol lowed throughout  
t h e  hours  of da rkness  for  t h e  fo l lowing  f o u r  days d u r i n g  
which time he t r a v e l l e d  approximately 1 7  miles ,  v i s i t e d  t w o  
water h o l e s  and scavenged food from a wi ldebees t  k i l l e d  by 
hyenas,  
and w e  were unable  t o  l o c a t e  him t h a t  evening ,  We s u s p e c t  
t h a t  t h e  second l i o n  may have removed the  an tenna  from t h e  
ins t rumented  a n i m a l ,  During t h e  f o u r  days  of o p e r a t i o n ,  w e  
were able t o  e s t a b l i s h  t r a c k i n g  t echn iques  by both a i rcraf t  
and land  v e h i c l e s  s u f f i c i e n t  t o  w a r r a n t  an attempt a t  body 
tempera ture  t e l eme t ry .  

On t h e  f o u r t h  day he was j o i n e d  by a n o t h e r  male l i o n  

2. On t h e  1 8 t h  of June an  a d u l t  female was l o c a t e d  and i m -  
mobi l ized  i n  t h e  h igh  g r a s s  p l a i n s  about  18 miles from t h e  
S e r e n g e t i  Park headquar t e r s  a t  Seronera ,  She was equipped 
wi th  a t r a n s m i t t e r  f o r  s ens ing  surface body tempera ture .  
s e n s o r  w a s  p laced  i n  t h e  connec t ive  t i s s u e  under t h e  s k i n  on 
t h e  dorsal  surface of t h e  neck, A small i n c i s i o n  w a s  made f o r  
t h e  probe and then  closed w i t h  a s u t u r e  a f t e r  the probe was 
i n s e r t e d ,  Subdermal tempera ture  was t aken  con t inuous ly  f o r  
t h e  next  48-hour pe r iod ,  both by au tomat i c  r e c o r d e r  and by 
notebook a t  5-minute i n t e r v a l s ,  During t h i s  pe r iod  w e  found 
unmis takable  evidence t h a t  novel  s t i m u l i  do cause a major 
s h i f t  i n  surface body tempera ture ,  A sample of t h e  a c t u a l  
r e c o r d  i s  enc losed  as Figure  1, On t h e  morning of t h e  t h i r d  
day t h e  data i n d i c a t e d  t h a t  the  probe was s e n s i n g  ambient 
t empera tu re  r a t h e r  t h a n  body t empera tu re  and w e  were able t o  
v e r i f y  d u r i n g  d a y l i g h t  t h e  f a c t  t h a t  t h e  probe had been 
d i s l o d g e d ,  The c o l l a r  was i n v e r t e d  which placed t h e  an tenna  
between t h e  l i o n ' s  f o r e l e g s ,  Although t h e  t r a n s m i s s i o n  
r a n g e  was reduced w e  were able t o  r e e s t a b l i s h  c o n t a c t  w i th  t h e  
an ima l  by r a d i o  on subsequent  o c c a s i o n s ,  
t o  remove t h e  equipment was unsuccess fu l  because of t h e  h igh  
g r a s s  which deflected t h e  c a p t u r e  s y r i n g e .  

The 

The i n i t i a l  a t t e m p t  

3 ,  Great herds of w i ldebees t  (gnu)  and zebra c o n s t i t u t e  t h e  
major prey an imals  of  East Africa, The E ,  b u r c h e l l i  is one 
of t h e  two s p e c i e s  of  w i l d  h o r s e  found i n  great abundance i n  
t h i s  e q u a t o r i a l  p l a t e a u  r e g i o n ,  D r .  Hamilton's work on 
the rmoregu la t ion  wi th  r ega rd  t o  c o l o r a t i o n  i n  animals  led  us 
t o  c o n s i d e r  t h e  zebra  as a n  animal  i n  which t h e  b l ack  and wh i t e  
s t r i p e s  might s e r v e  t o  a i d  i n  t h e  c o n t r o l  of body t empera tu re ,  
We were somewhat s u r p r i s e d  t o  f i n d  t h a t  tempera ture  d i f f e r e n c e s  
under  tanned zebra h i d e  showed as much as  8 O C  d i f f e r e n c e  when 



a probe w a s  placed under t h e  wh i t e  s t r i p e  VS. t h e  b l a c k  s t r i p e  

a ture  in fo rma t ion ,  t hen ,  from a wi ld  zebra  was t o  e s t a b l i s h  
whether r a d i a t i o n  was a f a c t o r  i n  t h e  thermoregula tory  behavior  
o f  t h e s e  animals. 

.. i n  s u n l i g h t .  Our i n t e n t  i n  t r a n s m i t t i n g  surface body temper- 
I ’  

On J u n e  27 w e  s u c c e s s f u l l y  immobilized a young male zebra  i n  
t h e  Ngorongoro Crater some 88 miles  from the  S e r e n g e t i  Park 
headquar t e r s .  Surface body tempera ture  was ob ta ined  f o r  t h e  
nex t  48-hour pe r iod  i n  t h e  same manner as descr ibed above, 
t o g e t h e r  w i th  movement behavior ,  weather ,  wind and s u n l i g h t  
data.  The data ob ta ined  s t r o n g l y  s u g g e s t s  t h a t  t h e  zeb ra  
employs r a d i a t i o n  i n  the maintenance of the r e l a t i v e l y  c o n s t a n t  
body t empera ture  and t h a t  behavior  i n  p a r t  can be understood 
from t h e s e  c o n s i d e r a t i o n s .  A r e s e a r c h  n o t e  t o  be submi t ted  t o  
Sc ience  i s  i n  p r e p a r a t i o n .  

11. CONCLUSIONS AND RECOMMENDATIONS 

The data ob ta ined  from f i e l d  experiments  has  not  y e t  been thoroughly  
ana lyzed;  however, w e  can  conclude a t  t h i s  t i m e  t h a t  s enso rv  
phenomena of i n t e r e s t  i n  an a n i m a l  can be s t u d i e d  wi th  t h e  u s e  of 
s u r f a c e  body tempera ture  t e l e m e t r y ,  
t h a t  such t echn iques  w i l l  demonstrate  major new i n s i g h t  i n t o  
how an animal reacts t o  i t s  p h y s i c a l  and s o c i a l  environment by 
s u c h  methods. There i s ,  however, every  r eason  t o  b e l i e v e  t h a t  t h e  
method w i l l  prove t o  be product ive .  
t h i s  work i s  s t r o n g l y  recommended i n  view of t h e  f ac t  t h a t  t h e  
t echn ique  has been e s t a b l i s h e d  and t h a t  t h e  i n i t i a l  a p p l i c a t i o n  
t o  u n r e s t r a i n e d  an ima l s  has developed new and h e r e t o f o r e  unob ta inab le  
in fo rma t ion .  

I t  i s  too e a r l y  t o  s t a t e  

We fee l  t h a t  c o n t i n u a t i o n  of 

P r i n c i  pa 1 I n v e s t i g a t o r  
Sensory Systems Labora tory  

Date 1 7  J u l y  1 9 6 7  
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FIGURE 1 

SUBDERMAL TEMPERATURE I N  A FREE-ROAMING L I O N  BY TELEMETRY 

T h i s  r e p r e s e n t s  a r e c o r d i n g  trace of t empera tu re  i n  t h e  female 
l i o n  c o r r e l a t e d  w i t h  a c o u s t i c  s t i m u l i  no ted  by t h e  o b s e r v e r .  
The l i o n e s s  was n o t  v i s i b l e  i n  t h e  h igh  g r a s s  when t h i s  r e c o r d  
w a s  made a l though  s h e  w a s  probably w i t h i n  1 0 0  va rds  of t h e  ob- 
s e r v e r .  Temperature t r a n s i e n t s  have a d u r a t i o n  of two t o  t h r e e  
minutes  and r e p r e s e n t  tempera ture  d e c r e a s e s  o f  a s  much as 1 0 ° C  
(maximum response  t o  a i r c r a f t  sounas 1 ,  
s h o u t s  by t h e  o b s e r v e r  shows accommodation, The v e r t i c a l  l i n e s  
r e p r e s e n t  5-minute i n t e r v a l s ,  

Th e r e sponse  t o  two loud 



& 

F I G U R E  2 

DR. GEORGE B. SCHALLER AND THE P r i I N C I P A L  I N V E S T I G A T O R  ATTACHING 
A TRACKING TRANSMITTER TO A MALE L I O N ,  

Immobilization was accomplished with 78 mg. succinyl choline 
chloride on this animal. 
time and complete recovery in about 25 minutes. The head is 
covered to reduce sensory input during immobilization and the net 
was provided to give some diversion to the lion in the event of 
early recovery. 

This allowed about 10 minutes of working 
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FIGURE 3 

AN ATTEMPT TO ADHERE THE TRANSMITTING COLLAR TO THE MANE 

The t r a n s m i t t e r  co l l a r  i s  s e c u r e d  by r i v e t s  and hangs loose lv  on 
t h e  neck. It i s  weighted  so t h a t  t h e  s h o r t  whip a n t e n n a  r ema ins  
a p p r o x i m a t e l y  v e r t i c a l  when t h e  l i o n  i s  on i t s  f e e t ,  The small 
w h i t e  object  i s  a l o a d i n g  coil t o  e l e c t r i c a l l y  s h o r t e n  t h e  a n t e n n a .  
Here a n  a t t e m p t  i s  b e i n g  made t o  adhe re  the h a i r  of t h e  mane t o  
t h e  co l la r  t o  keep t h e  an tenna  i n  p o s i t i o n .  
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:r I , 
8 .  

Both t r a c k i n g  and  t empera tu re  data were o b t a i n e d  w i t h  t h e  same 
r e c e i v e r  and an tenna  svstem, All work w a s  done from v e h i c l e s  
t o  r e d u c e  t h e  hazard t o  p e r s o n n e l  and s t i m u l a t i o n  t o  t h e  a n i m a l s  
u n d e r  s t u d y ,  Prac t ica l  r a n g e s  of o p e r a t i o n  appeared  t o  be one t o  
t h r e e  m i l e s  from i n s t r u m e n t e d  a n i m a l s  monitored i n  t h i s  manner, 
Ranges of 2 0  t o  25 miles were o b t a i n e d  under  l i n e  o f  s i g h t  con- 
d i t i o n s ,  (The use  of l i g h t  a i r c r a f t ,  for example,  a l l o w s  f o r  t h e  
l o c a t i o n  of a n  an ima l  t r a n s m i t t e r  w i t h i n  a n  area of 1 2 0 0  s q u a r e  
m i l e s .  ) 
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FIGURE 5 

ATTACHING THE TEMPERATURE TRANSMITTER 
WILLIAM HAMILTON. 

TO A YOUNG ZEBRA WITH DR. 

The co l la r  c o n s i s t e d  of two f l a t  p o l y e t h y l e n e  bands ,  The trans- 
m i t t e r  was t a p e d  t o  t h e  upper j u n c t i o n  so as t o  Drovide as much 
h e i g h t  as p o s s i b l e ,  
on t h e  neck under one of t h e  dark s t r i p e s ,  

The t empera tu re  s e n s o r  was placed  subdermal lv  


